Abstract: Hunting many types of wild game is an avidly pursued outdoor activity that attracts all ages and both genders at various times of the year. Deer hunting is a popular sport in many regions of North America. A variety of weapons are used in the hunting, trapping, and killing of game. As a variety of different modalities are used, myriad types of injuries unique to the type of hunting can occur. Most deer hunting-related fatalities identified at the Office of the Chief Medical Examiner in Kentucky are accidental firearm injuries. Less commonly encountered are fatalities resulting from elevation of the hunter in a tree stand, often associated with poor design or construction of the perch. We present 2 tree stand-related deaths. One victim died of positional asphyxia due to reverse suspension from a hunting tree stand. The second victim died of multiple blunt force injuries sustained in a 20-foot fall from a tree stand. We summarize the features of morbidity and mortality related to deer hunting based on investigations by the Office of the Chief Medical Examiner. 
Autopsy Findings
The decedent was an obese male measuring 75.5 inches and weighing 300 pounds (Body Mass Index = 37.1). Autopsy examination confirmed evidence of asphyxiation, including extensive dark red-purple suffusion of the face (Fig. 2) ; dark purple livor mortis with petechial hemorrhages of the neck, shoulders, and arms; marked scleral edema and injection; and bilateral inferior palpebral conjunctival petechial hemorrhages. Minor external blunt force injuries were evident, specifically, a right upper quadrant abdominal purple contusion measuring 0.5 Â 0.4 inches, 2 oval cutaneous avulsion lacerations up to 0.5 inches on the dorsal aspect of the right hand, and 2 abrasion up to 1.0 inch of the dorsal aspect of the left leg. A 12 inch, vertical, linear midline well-healed scar was noted over the sternum. There was evidence of cardiomegaly (900 g) with left ventricular hypertrophy and dilatation. The 3-vessel coronary artery bypass graft was confirmed in association with severe coronary atherosclerosis; each of the grafts was patent. Microscopic examination demonstrated myocardial fibrosis, bullous and centrilobular emphysema, diabetic nephropathy, and severe hepatic steatosis.
The blood and urine toxicological examination revealed negative findings for alcohol and drugs of abuse. The vitreous fluid analysis was negative for alcohol and showed a normal postmortem electrolyte profile. The cause of death was attributed to positional asphyxia due to reverse suspension from a hunting tree stand. Ischemic heart disease was a significant factor contributing to his death. The manner of death was accident.
Case 2

Case History
A 65-year-old white retired coalminer was found under a tree by fellow Bhunting buddies[ in the early morning of the first week of November. The individuals who found his body stated that he had fallen approximately 20 feet to the ground from a homemade deer hunting tree stand. He lacked a safety harness. The victim was transported to a neighboring county_s Emergency Room and was pronounced dead upon arrival.
Autopsy Findings
The decedent was a well-developed male with a height of 70.5 inches and a weight of 198 pounds. The autopsy findings were predominantly limited to blunt force trauma. External injuries consisted of abrasions ranging from 0.25 to 0.5 inches of the left shoulder, hip, and buttock; abrasion measuring 0.25 inches of the anterior mid right thigh; multiple contusions up to 1.0 inches of the anterior surfaces of the lower extremities; and a contusion of the penis. Multiple rib fractures were present, specifically of the second to seventh left anterolaterally, fifth and sixth left posteriorly, and third to eighth right anteriorly. He had also sustained a left superior ramus pelvic fracture. Both hemopneumothorax of the left smooth pleural space (1 L of bloody fluid) and hemoperitoneum primarily within the left pericolic gutter (500 mL of bloody fluid) were evident. In addition, multifocal grade I coronary atherosclerosis was noted within the left circumflex coronary artery.
The blood toxicological examination revealed negative findings for alcohol and drugs of abuse. The cause of death was attributed to truncal blunt force injuries sustained in a fall from a 20-foot height. The manner of death was accident.
DISCUSSION
Tree stands are routinely used for large game hunting and provide the hunter with a wide visibility of the forest while at the same time decrease the hunter_s scent on the ground.
1,2 Additionally, the stand allows the hunter to be positioned above the animal_s normal field of vision and permits the hunter to be more visible to other hunters to decrease of the likelihood of being hit by a stray bullet. 1 On the other hand, tree stands increase the risk of injury by falling, may be difficult to carry, offer minimal room for movement, and do not protect against poor weather.
1 Falls from tree stands represent the leading cause of hunting-related accidents. 2, 3 Various methods have been introduced to increase the safety of using a tree stand, including using a commercial model instead of a homemade device as well as wearing safety gear. Three popular commercial elevated portable tree stands include the following: nonclimbing stands, self-climbing stands, and ladder stands. 4 The nonclimbing style provides approximately 4 square feet of space and is secured to the tree with belts or chains (Fig. 3A) . The self-climbing style is used in trees with straight trunks, and the hunter Bwalks[ up the tree with the stand by moving 1 section of the stand with the hands and the other section with the feet (Fig. 3B) . The ladder style provides a platform 10 to 20 feet above the ground and requires 3 to 5 individuals to build and disassemble it (Fig. 3C) . It may be used on a wider variety of trees. Hunter-constructed stands usually consist of an elevated wooden platform which is nailed to a tree, and the hunter gains access by a self-constructed wooden ladder or wooden steps nailed to the trunk of the tree. 5 In addition, the hunter may use an elevated free-standing stand such as a tripod style (Fig. 3D ). This type of stand does not require a tree, may be placed in any location, and has a firm base. Hunters also have the option of wearing a safety strap or harness which is designed to support the hunter if he or she should fall.
Several comprehensive studies in the literature have featured the prevalence of deer stand-related injuries (Table 1) . Metz et al reported 51 tree stand-related injuries between 1996 and 2001 referred to regional trauma centers or Medical Examiner_s offices in New York and Maryland. 2 Two West Virginia studies were conducted using hospital and trauma registries: Rose et al reported 24 patients (1988Y1992), and Gates et al identified 90 individuals (1994Y1999). 3, 6 Lawrence et al performed a study of spinal cord injuries reported to the Louisiana Spinal Cord Injuries Registry (1985Y1994), which ensued after a fall from a deer stand. 7 Urquhart et al reviewed 19 cases of individuals admitted to the Medical College of Georgia Hospital and Clinics who sustained falls from a deer stand. 5 Between 1979 and 1989, the Georgia Department of Human Resources and Georgia Department of Natural Resources conducted a thorough investigation of 594 deer huntingrelated injuries, of which 214 (36%) were tree stand-related. 8 This latter study included both falls from tree stands as well as unintentional discharges of firearms while hunters were carrying their firearms up to or down from a tree stand or upon impact after a fall.
These previous studies and the present report demonstrate numerous similarities. The mean ages of those injured were in the fourth and early in the fifth decades, with a range of 8 to 72 years. Both of the decedents in our study were aged 65. The extent and bodily locations of injuries varied among the previous studies; however, a common thread permeated, specifically, the lack of fatalities following a fall from a deer stand. Both Rose et al_s and Lawrence et al_s investigations reported no deaths, while Metz et al reported 3 (5.9%), Gates et al noted 7 (8%), and Urquhart et al encountered 1 (5.2%). 2, 6, 7 Nonfatal injuries ranged from fractures of the vertebrae, ribs, pelvis, and extremities to solid organ injury, pneumothorax, and head injuries. 2, 3, 6 Several studies in the literature involving falls from deer stands reported that the majority of injuries were due to fractures of the long bones and spine. 3, 5 Two primary features play a role in the mechanical force associating with injuries from falls, specifically, the duration of deceleration and body orientation. 9 Injuries sustained in a vertical fall involve compressiondecompression deceleration forces. 3 Flexion forces result in spinal fractures, whereas long bone fractures are caused by rotational forces. Although the majority of studies involving deer stand-related injuries do not demonstrate a high incidence of victims who had been consuming alcohol, the risk of falling from a tree stand is increased if the hunter was drinking alcohol (Table 1) .
2,3,6Y8 Both of the individuals in the present study had a negative blood toxicology for alcohol and other drugs of abuse.
Spinal cord injury represents one of the most devastating sequelae ensuing after a fall from a deer stand, with the degree of injury varying from incomplete paraparesis to complete quadriplegia. 10 Three comprehensive studies in various states (Louisiana, Oklahoma, Pennsylvania) were conducted to determine the incidence of spinal injuries after falls from tree stands. 7, 10, 11 In each of these studies, none of the victims wore safety devices at the time of the injury. Of note, Lawrence et al reported their findings of spinal cord injuries between 1985 and 1994 in Louisiana. 7 In 1992, a public information campaign 8Y72 (median = 38) 17 (8%) N/A Georgia N = 214 *The CDC (centers for disease control and prevention) study includes all cases of deer stand-related injuries, including falls from a tree stand and unintentional discharge of firearms. took place in Louisiana to raise awareness of the risks of using deer stands without safety belts. 7 After this campaign, a spinal cord injury due to a deer stand fall was not reported for the next 3 years.
Metz et al reported that the primary cause of fall from a tree stand was structural failure of the tree stand, including either of the tree stand itself or of the tree to which the stand was attached. 2 The second cause of fall from a tree stand was loss of balance with entering or exiting the tree stand. Of the 51 individuals who sustained an injury in their study, only 2 hunters (4%) were wearing a safety strap or harness. Rose et al demonstrated that the highest percentage (13 of 20 cases, 65%) of falls from a deer stand occurred when the hunter was ascending or descending the tree without a safety belt. 6 These falls were attributed to poor judgment or careless behavior. Urquhart et al_s review also demonstrated that hunters were unlikely to use safety devices as none of the 17 individuals contacted in their study were wearing safety restraints at the time of the fall. 5 Of the 31 tree stand falls in Mississippi between 1999 and 2001, only 10% of the hunters wore a safety harness. 12 Neither of the 2 victims in the present study were wearing safety harnesses.
The extensive study of tree stand-related injuries conducted by the Georgia Department of Human Resources and Georgia Department of Natural Resources between 1979 and 1989 demonstrated that 17 (8%) of the 214 cases of tree stand-related injuries were fatal. 8 None of the 214 individuals were wearing a safety harness or seat-belt device at the time of the injury, and 43 (66%) hunters had not taken a hunter-safety course. Tree stand-related injuries represented 36% of all reported hunting injuries and 20% of hunting-related fatalities. A total of 73% of the hunters who were involved in a tree stand injury sustained fractures, including those of the cervical or lumbar vertebrae.
Although tree stands are widely available commercially, hunters are not always inclined to use them. Urquhart et al reported that 83% (15 of 18 cases) of deer stand falls in their study were attributed to hunter-constructed stands. Both of the victims in the present study did not use a commercial tree stand as they preferred using a homemade stand. The first victim had designed a rudimentary-made wooden stand which he had wedged between 2 thin hardwood trees.
Deer stands are usually positioned between 15 and 25 feet above the ground. Individuals who fall from this height may attain a final velocity of 30 mph and as a result, kinetic energy is transmitted throughout the axial skeleton and soft tissues. 3 Several factors influence the extent and severity of injuries, including impact surface, tissue elasticity and viscosity, impact velocity, area and orientation of bodily impact, and duration of impact. 9, 13 The duration of impact force is the primary indicator of the severity of injury in that an impact force extended over the shortest period of time is the most likely scenario resulting in an injury. 3, 14 Impact surfaces such as rock, steel, and concrete allow minimal deformation and impact duration, thus, have the highest risk of injury. On the contrary, surfaces such as water, snow, and soil provide greater deformation, resulting in a lesser risk for injury. 12, 15 The second case in this study demonstrated the classic findings of blunt force injuries associated with a fall from a height of 20 feet. He had sustained numerous cutaneous abrasions and contusions of various locations of his body. Furthermore, he experienced multiple rib fractures as well as a pelvic fracture. Both hemopneumothorax and hemoperitoneum were noted at the time of autopsy.
The first case in this study represents the unique phenomenon of reverse suspension. Rarely reported in the literature, reverse suspension has been postulated to be due to postural asphyxia which, in many cases, is associated with alcohol intoxication. 16, 17 Purdue reported the case of an individual_s accidental death who was found suspended by the right foot from a security fence. 17 The victim had evidence of marked congestion of the lungs and brain as well as a blood alcohol level of 129 mg% and a vitreous alcohol level of 158 mg%. Purdue speculated that the stretching effect of the suspension would tense the abdominal muscles fixing the chest in expiration while the weight of the arms and upper body would induce fixation in inspiration. 17 Another case of a victim_s body suspended by a right foot entrapped beneath a broken boarding led the author state that the cause of death may have been the additional factors of pooling of blood, impairment of venous return, and physiological reflexes. 18 An experimental study of reverse suspension suggested that the cause of death in the head-down position is postural asphyxia as a result of hindered respiratory movements and that an individual may survive for half a day in this position. The mechanism of death associated with crucifixion, specifically, hanging upright from a cross or patibulum, is multifactorial. 17, 20 The literature has reported that St. Peter suffered such asphyxiation via crucifixion by his own desire. 17 It is a form of exhaustion asphyxia, involving stretching of the chest and abdominal muscles. The resulting compromise of expiration leads to hypercarbia, hypovolemic shock, dehydration, stress-induced cardiac dysrhythmias, as well as ensuing congestive heart failure with rapid accumulation of pericardial and pleural effusions.
We encountered 2 cases in the literature of deer standrelated deaths involving asphyxial fatalities, however, neither of them were due to reverse suspension. In 1 case, a 14-year-old hunter wore a safety harness which was improperly fitted, and it compressed too tightly around his waist causing asphyxiation. 12 In another case, an individual fell from a tree stand while wearing a Bbelt-type[ safety harness and died due to asphyxia when the harness slid up around his neck. 2 We present the first reported case of a hunter who died as a result of reverse suspension after falling out of a deer stand. He was found hanging upside down with his legs suspended by a nylon-webbed rope around his waist extending from a rudimentary-made wooden stand wedged between 2 thin hardwood trees. He had confirmed evidence of asphyxiation at the time of autopsy, and his cause of death was positional asphyxia by reverse suspension.
CONCLUSION
While the risks associated with firearms during hunting are well-recognized, 5, 21, 22 including the passage of the BHunter Orange[ law in North Carolina in 1987 to 1988 aimed at reducing hunters_ deaths by making them wear orange clothing, 23 less attention has been focused on the dangers related to tree stands. Injuries associated with tree stands are avoidable with forethought and consideration of Bcommon sense[ safety rules. Although safety devices are likely to prevent injuries from falls, hunters should be educated about their proper usage and be astute to wearing the harness throughout the entire duration from climbing the tree to descending it following the hunting experience. Hunters should avoid complete isolation and organize hunting groups of at least 2 individuals with planned meeting times and places. They should also perform an annual inspection of the construction of the tree stands and safety equipment as wooden stands are predisposed to decay which may alter their stability. In addition, hunters should avoid all alcohol and drugs, and tree stands should not be used by those with significant medical conditions that increase the risk of falling. As illustrated in our first case, the hunter had a host of severe medical conditions including complaints of chest pain before 6 days of death and an evaluation by his family physician 3 days before death.
Rose et al_s study included interviews with injured hunters who offered numerous recommendations for improved safety with deer stands, including using a safety harness at all times, thoroughly inspecting the equipment before use, avoiding alcohol and drugs while hunting, discontinuing hunting when fatigued, and purchasing high-quality tree stands. 6 In addition, hunter safety courses and safety literature are available. 8 The forensic pathologist may encounter fatalities as a result of a deer stand fall and is encouraged to bring awareness to the preventable risk factors associated with this common method used in hunting.
